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ATTENUATING EXTREME ULTRAVIOLET (EUV) PHASE-SHIFTING 
MASK FABRICATION METHOD 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part application of U.S. Patent Application Serial 
No. 09/715,951 entitled PHOTON ASSISTED DEPOSITION OF HARD MASK FORMATION FOR USE IN 
MANUFACTURE OF BOTH DEVICES AND MASKS filed on November 17, 2000, by Ghandehari et al. 

TECHNICAL FIELD 

The present specification relates generally to the field of integrated circuits and to methods of 
manufacturing integrated circuits and the masks or reticles used to manufacture these devices. More particularly, 
the present specification relates to photon assisted deposition for hard mask formation on both device substrates 
and mask substrates. 

BACKGROUND ART 

Semiconductor devices or integrated circuits (ICs) can include millions of devices, such as, 
transistors. Ultra-large scale integrated (ULSI) circuits can include complementary metal oxide semiconductor 
(CMOS) field effect transistors (FET). Despite the ability of conventional systems and processes to put millions 
of devices on an IC, there is still a need to decrease the size of IC device features, and, thus, increase the number 
of devices on an IC. 

One limitation to the smallness of IC critical dimensions is lithography. In general, projection 
lithography refers to processes for pattern transfer in various media on the substrate. It is a technique used for 
integrated circuit fabrication in which a silicon slice, the wafer, is coated uniformly with a radiation-sensitive 
film, the resist, and an exposing source (such as laser radiation, x-ray photons, or an electron beam) illuminates 
selected areas of the surface through an intervening master template, the mask, or reticle, for a particular pattern. 
The lithographic coating or photoresist is generally a radiation sensitive coating suitable for receiving a projected 
image of the subject pattern. Once the image is projected, it is indelibly formed in the coating. The projected 
image may be formed using either negative or positive tone photoresist. 

Exposure of the coating through a mask causes the image area to become selectively 
crosslinked where irradiated in the case of a negative tone photoresist and consequently less soluble in the 
developer fluid where the resist has been exposed. In the case of a positive tone resist, the exposed regions are 
rendered more soluble than the rest of the film due to deprotection of the polymers in the film where exposed to 
the imaging radiation. Subsequent to imaging using either tone of resist, the more soluble areas are removed in a 
developing process to leave the pattern image in the coating as the less soluble polymer. For both cases of resist 
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types the difference in solubility is substantial so that a pattern with good fidelity is formed in the photoresist 
coating. 

The pattern which results in photoresist from lithographic processing is used as a mask for the 
subsequent plasma etching of the underlying layer or layers. The plasma etch process directs chemical species to 
bombard the surface and remove material from the layer by means of chemical processes between species in the 
excited state in the plasma and the wafer surface. If the photoresist is durable enough for the etch warranted for 
the layer beneath, the resist mask enables transfer of the partem to the underlying layer by means of the plasma 
etch process. If the resist mask by itself does not withstand the etch process necessary to etch the underlying 
layers an additional thin hard mask layer between the resist and the underlying layers to be patterned by the etch 
process is necessary. In that case, the resist mask is used with one type of etch process to etch the hard mask and 
a subsequent differing type of etch process to pattern the layers beneath. The final type of etch process does not 
attack the hard mask and is able to use the hard mask to prevent removal of the material in the desired areas as 
deterrnined by the original pattern in the photoresist. 

Projection lithography is a powerful and essential tool for microelectronics processing. As 
feature sizes are driven smaller and smaller, optical systems are approaching their limits due to the resolution 
capability of the combination of the wavelengths of optical radiation and photoresist in use by these systems. 

Conventional lithography techniques often utilize a combination of photo-masks or reticles and 
hard masks to transfer patterns between various layers during integrated circuit fabrication. A hard mask is a 
layer of material on an integrated circuit wafer which prevents chemical removal of materials below the mask 
during plasma etch. A reticle is a patterning tool which contains patterns that can be transferred to an entire 
integrated circuit wafer in one or more exposures by means of a photoresist coating on the substrate being 
exposed. 

Using a hard mask can increase the resolution capabihty of the manufactrtring process by 
improving the plasma etch process capability by allowing a thinner resist coating to be used which will allow 
smaller dimensions to be produced in the resist and subsequently in the films comprising the semiconductor 
device on the wafer. 

Another method of improving the device manufacturing capability is to improve the resolution 
capability of the reticle itself. Typically a reticle used in projection lithography has a 4x or 5x reduction factor 
so that reducing the minimum feature on the reticle substrate leads to a reduction in the size of the features at the 
wafer surface. The reticle substrate is coated with layers that are etched in an analagous method to the 
semiconductor device manufacture using a resist mask produced by exposure to radiation of some sort. 
Typically the layers are not made using a reticle or mask but rather are written by scanning the radiation from a 
database held in a computer. 

There are several advanced techniques for forming reticles that allow more aggressive imaging 
resolution capabilities. These include phase smfting masks (PSMs) where the area surrounding the mask feature 
to be imaged are shifted in phase so as to interfere with the adjacent image from the pattern and create a smaller 
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feature at the wafer surface. Here again, hard masks can be used to improve the manufacturing capability of 
reticles depending on the films used on the reticle substrates. For some types of phase smiting masks, the 
addition of the hard mask material itself can form the phase shifting region while for other types of PSMs the 
hard masks itself can be a layer which acts both as an etching hard mask and a film with optical properties 
enabling the phase shifting nature of that type of PSM. 

Hard masks are generally created by depositing a material in blanket form by chemical vapor 
deposition (CVD). Subsequently, a pattern is etched from the hard mask layer using a photoresist mask and a 
variety of different etching or removal techniques. Due to the thickness of the resist and the response of the 
resist with the imaging system, the resolution capability of conventional systems is limited even with a hard 
mask. Thus, there is a need to use a photon assisted CVD type of deposition with either laser or synchroton 
radiation which allows direct patterning of hard mask layers without resist and allow for even greater resolution 
by selectively growing a thin layer of the hard mask at the sites irradiated by the photon. 

Since there is a limitation to the resolution achievable with resist based pattern transfer with or 
without use of a hard mask to pattern the underlying layer, there is a need to pattern IC devices and reticles using 
non-conventional lithographic techniques. Furthermore, when patterning with hard masks, there is a need to use 
an alternative to forming a blanket of hard mask material over the surface of the integrated circuit wafer or the 
reticle since this must subsequently be etched with a resist based masking process. Yet further, there is a need 
for photon assisted deposition for hard mask formation due to the resolution enhancing capabilities of this non- 
resist based lithography since the layer can be selectively grown as a pattern for integrated circuit features. 

DISCLOSURE OF THE INVENTION 

An exemplary embodiment is related to a method of forming an attenuating extreme ultraviolet 
(EUV) phase-shifting mask. This method can include providing a multi-layer mirror over an integrated circuit 
substrate or a mask blank, providing a buffer layer over the multi-layer mirror, providing a dual element material 
layer over the buffer layer, and selectively growing features on the integrated circuit substrate or mask blank 
using a photon assisted chemical vapor deposition (CVD) process when depositing the dual element layer. 

Another exemplary embodiment is related to a system for forming an attenuating extreme 
ultraviolet (EUV) phase-shifting mask. This system can include a vapor chamber, means for dispensing a 
chemical vapor in the vapor chamber, and means for providing radiation to selected portions of an integrated 
circuit substrate to form features from a dual element material layer disposed over a buffer lay disposed over a 
multi-layer mirror on the integrated circuit wafer. 

Another embodiment is related to a method of photon assisted chemical vapor deposition 
(CVD) to deposit material in the formation of an attenuating phase-shifting mask. This method can include 
providing a chemical vapor in a vapor chamber containing an integrated circuit substrate, and selectively 
applying a laser to portions of the integrated circuit substrate to form features on the integrated circuit substrate. 
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Other principle features and advantages of the present invention will become apparent to those 
skilled in the art upon review of the following drawings, the detailed description, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The exemplary embodiments will hereafter be described with reference to the accompanying 
drawings, wherein like numerals denote like elements, and: 

FIGURE 1 is a diagrammatical representation of a hard mask formation system in accordance 
with an exemplary embodiment; 

FIGURE 2 is a top view of an integrated circuit wafer including a hard mask manufactured in 
accordance to an exemplary embodiment; 

FIGURE 3 is a cross-sectional view of a portion of a reflecting EUV attenuating phase shift 
mask fabricated in accordance with an exemplary embodiment; 

FIGURE 4 is a cross-sectional view of the portion of the reflecting EUV attenuating phase 
shift mask of FIGURE 3 after an etching step; 

FIGURE 5 is a cross-sectional view of a portion of an alternating phase shift mask according 
to a conventional fabrication technique; and 

FIGURE 6 is a cross- sectional view of a portion of an alternating phase shifting mask 
according to an exemplary embodiment 

MODES FOR CARRYING OUT THE INVENTION 

Referring to FIGURE 1, a hard mask formation system 10 includes a chamber 12, a light 
source 14, a vapor source 16, an integrated circuit wafer supporting structure 18, and a computing device 20. 
Chamber 12 is an enclosed structure allowing for a vacuum type reactor with gases as reactants in the formation 
of structures in integrated circuit fabrication. Light source 14 can be any laser producing mechanism capable of 
providing a light which, is either a UV laser, or soft x-ray source where the UV laser can be an excimer source or 
a 4 th harmonic of the Nd:YAG laser at 266 nm and the soft x-ray source can be between 100 nm and 1 nm or else 
a EUV source at 13.4 nm. 

Vapor source 16 can be any vapor producing mechanism capable of providing a vapor which is 
a CVD vapor precusor to the material being deposited for the given reaction with the light at the substrate 
surface. In an exemplary embodiment, vapor material source 1 6 provides precusor chemicals for inorganic 
material, such as, Si0 2 or Ni in vapor form for deposition by vapor phase epitaxy or other types of chemical 
vapor deposition (CVD). In alternative embodiments, vapor source 16 is a source of other types of chemical 
vapors. 
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Integrated circuit wafer supporting structure 18 provides support for an integrated circuit wafer 
22. In an exemplary embodiment, integrated circuit wafer supporting structure 18 can be rotated to facilitate 
deposition of materials on integrated circuit wafer 22. In another exemplary embodiment, integrated circuit 
wafer supporting structure can be maneuvered in a variety of directions to facilitate hard mask fabrication and 
other integrated circuit fabrication steps. As used in this application, the term wafer refers to any substrate used 
in the integrated circuit fabrication processes or layer above such a substrate. The subsfrate or layer can be 
conductive, semiconductive, or insulative. 

Computing device 20 can be a personal computer (PC) or a computer workstation coupled to a 
computer aided design/computer-aided manufacturing (CAD-CAM) data base 24. Computing device 20 is 
conimunicatively coupled to light source 14 to provide control signals which selectively move light source 14 to 
apply a laser or radiation to desired areas. In an exemplary embodiment, computer device 20 is a workstation or 
computer powered by a microprocessor manufactured by Advanced Micro Devices, Inc. (AMD) of Sunnyvale, 
California. 

In operation, hard mask formation system 10 provides a chemical vapor precursor of an 
inorganic material, such as, Al, Ni, W, Si0 2 , Si 3 N 4s or Al a 0 3 from vapor source 1 6. As such, chemical vapor is 
provided to chamber 12. Light source 14 provides heat or a photochemical reaction necessary to cause or 
achieve a reaction with the vapor chemicals in chamber 12. As such, deposition of the vapor chemicals occurs 
on integrated circuit wafer 22 where the radiation from light source 14 is provided. This deposition forms a hard 
mask on integrated circuit wafer 22 according to a pattern created by movement of light source 14 and the 
reaction of the radiation with vapor chemicals. 

In ah exemplary embodiment, instead of moving light source 14 to move laser light or 
radiation to different areas of integrated circuit wafer 22, wafer supporting structure 18 is selectively moved 
using any of a variety of means. In such an embodiment, integrated circuit wafer supporting structure 18 is in 
communication with computing device 20 which controls its movement. In another exemplary embodiment, 
light source 14 is moved using a precision motive device. Other mechanisms and arrangements for selectively 
maneuvering light source 14 may be utilized. In particular, various arrangements and utilities may allow for 
greater accuracy of movement of light source 14 to achieve precisely directed movement of tight from tight 
source 14. 

Advantageously, instead of forming a blanket of the material of interest over the entire surface 
of integrated circuit wafer 22 and then etching the feature into a hard mask, hard mask formation system 1 0 
makes it possible to use light to iUuminate the surface of integrated circuit wafer 22 and form a reaction with 
chemicals in the gas phase such that deposition occurs. In an alternative embodiment, integrated circuit wafer 22 
is coated with an assisting chemical, such as, an organosilane (e.g., (aminoethylaminom ethyl) 
phenemyltrimethoxysilane (PEDA) or 4<;hloromethylphenyltrichlorosilane (CMPTS)) which assists or 
facilitates the reaction between the light and vapor chemicals. 




* WO 02/41077 



-5- 



WO 02/41077 PCT/US01/51004 



Utilizing hard mask formation system 10, dielectrics could be formed to serve as hard masks 
or. alternatively, metal lines could be formed for interconnect. The light from radiation source 14 can be 
controlled by computing device 20 utilizing CAD-CAM database 24 to pattern any of a variety of integrated 
circuit features. If metal lines are formed for an interconnect layer, a second application of light in selected areas 
can be used to form posts. Subsequently, the entire wafer can be covered with a dielectric material to form 
damascene in reverse order. Ordinary damascene involves etching an insulating layer with holes and trenches 
and then depositing metal in the holes and trenches so that interconnect lines are made in the insulating layer 
which connect to layers above and below the layer which was etched for the holes and trenches. This can be 
done in as many iterations as necessary to build up the layers necessary to connect the different sections of the 
integrated circuit device. In an exemplary embodiment, there can be up to 5 or more layers. 

In a reverse application of damascene, interconnect lines and posts are formed and then the 
oxide or insulating material is applied over it. This can be done in multiple iterations to form all necessary layers 
for the IC as well. A film of Si 3 N 4 can be deposited as a barrier liner over metal lines to prevent diffusion into 
the oxide. 

Furthermore, in an exemplary embodiment, multiple sequential layers can be used to build up 
the back end of integrated circuit wafer 22 (utilizing hard mask formation system 10) in addition to just one layer 
for a hard mask or one layer for a metallic interconnect As such, advantageously, hard mask formation system 
10 may be utilized multiple times for a single integrated circuit wafer forming a variety of different masks or 
patterns used in the fabrication of the integrated circuit. 

Referring now to FIGURE 2, a top view of integrated circuit wafer 22 is illustrated after 
application of a laser from light source 14 to form hard mask structures 28. Hard mask structures 28 can be 
comprised of materials, such as, Al, Ni, W, S1O2, Si 3 N 4 , or AI2O3. Hard mask structures 28 can be utilized in the 
formation of metal lines, posts, gates, or any other integrated circuit feature including features used in 
intermediate steps of the integrated circuit fabrication process. 

As discussed above, there is a push for development of next generation lithographic systems in 
many areas. One area is Extreme Ultra Violet (ETJV) systems which employ 13.4 nm wavelength radiation. In 
an exemplary embodiment, photo assisted CVD described with reference to FIGURES 1-2 is used to create an 
attenuating phase shifting mask using a combination of Ni and Al as the absorbing phase shifters. 

In an exemplary embodiment, one type of mask blank (an unpatterned mask) used for EUV 
lithography can be a reflecting mask constructed from a Si wafer over which a multilayer mirror is constructed 
from alternating layers of Si and Mo. On the surface of the multilayer, a buffer layer of 500 A Si0 2 is made to 
allow for defect repair and etch protection during feature patterning. Above the buffer layer, the features are 
normally deposited and patterned. After the features on the mask are patterned, the Si0 2 layer is etched in areas 
other than the features to reveal the multi-mirror surface. FIGURE 3 illustrates a portion 30 of an integrated 
circuit including a substrate 32, a multilayer mirror 34, a buffer layer 36, an aluminum layer 38, and a hard mask 
40. In an exemplary embodiment, hard mask 40 is a Ni hard mask which is grown selectively by photon assisted 
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CVD. Multilayer mirror layer 34 can be constructed from alternating layers of silicon (Si) and molybdenum 
(Mo). In an exemplary embodiment, there are 40 layers in multilayer mirror in total with caGh silicon (Si) layer 
being 4 nm while the molybdenum (Mo) layers are 3 nm. The 40 layers gives a mask blank with 65-70% 
reflectivity to the 13.4 nm EUV radiation. 

The features of portion 30 can be completely absorbing which would result in an ordinary 
binary mask or they can be partially reflecting and 1 80° out of phase which would result in a phase shifting mask 
(in reflection) for the mask. The phase shifting mask (PSM) yields smaller critical dimensions (than a binary 
mask) at the wafer surface due to the interference effect between the high reflective EUV mirror mask surface 
and the partially reflecting surface of the mask feature. Normal optica] PSM masks are partially transmitting 
with a 180° phase difference in the feature and a transmission level between 5 and 15%. 

In an exemplary embodiment, the Ni in hard mask 40 and Al layer 38 serves as a partial 
reflector in portion 30. In an exemplary embodiment, the minor surface with the Si0 3 buffer layer 36 removed 
has a 65% reflectivity with phase of 180°. Thicknesses of the 40 layers of silicon (Si) and molybdenum (Mo) in 
multilayer mirror 34 can be 40 A Si and 30 A Mo. In an exemplary embodiment, the top of these 40 layers is 
covered with a 100 A layer of Si as a cap. In the area of the reflector, 500 A of Si0 2 is used (buffer layer 36). 
Buffer layer 36 is first applied over the entire surface of the reflecting mask but etched and remains only under 
the features covered by the partial reflectors. 

In an exemplary embodiment, two separate periods are used to demonstrate the Ni/Al partial 
reflector (hard mask 40 and Al layer 38): 1) Ni with 4X thickness of Al beneath and 2) Ni with 5X thickness of 
Al beneath^ The reflectivity for selected thicknesses of Ni (with corresponding 4X or 5X thicknesses of Al 
beneath) give rise to phase differences from the mirror surface of 1 80° difference (0 degrees for the Ni/Al 
reflector) and relative percent reflectivity vs. the mask mirror reflectivity (65% absolute) of 13% to 2%. 

Exemplary relative reflectivity values are provided in Table 1 . Theoretical calculations using 
Fresnel coeffecients and the matrix propagation method as shown in O.S. Heavens: "Optical Properties of Thin 
Solid Films", Section 4.8, arc used to calculate the reflectivity at the surfaces for the EUV reflecting mask shown 
here. 



Thickness of NI 


Thickness of Al 


Relative 
Reflectivity 


Ni 


4XA1 




| 25.2 A Ni 


100.8 A Al 


12.8% 


36.5 A Ni 


146 A Al 


8.7% 


47.5 A Ni 


190 A Al 


6.32% 
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58.7 A Ni 


234.8 A A! 


3.95% 


70.3 A Ni 


281.2AA1 


1.93% 


Ni 


5XA1 




21.5 ANi 


107.5 A Al 


13.5% 


31.3 ANi - 


156.5 A Al 


8.9% 


40.8 ANi 


204 A Al 


6.45% 


50.3 ANi 


251.5AA1 


4.6% 


59.9 ANi 


299.5 A Al 


2.8% 



Table 1 

In an exemplary embodiment, to form the EUV reflecting mirror, Al layer 38 is blanket coated 
over buffer layer 36 using phoron assisted CVD until a certain thickness of Al is reached. It is possible that by 
using the right level of light intensity (e.g. from light source 14), the thickness of Al could be controlled 
sufficiently to make the features for the PSM. Above the blanket layer (aluminum layer 38), the Ni layer (hard 
mask 40) is grown selectively by photon assisted CVD to form a hard mask and the Al and Si0 2 beneath the Ni 
hard mask are etched. Al layer 38 could also be formed by PVD (physical vapor deposition) or other methods. 

FIGURE 4 illustrates portion 30 after an etching step has been performed in which portions of 
buffer layer 36 and aluminum layer 38 are removed. The thicknesses of hard mask 40 and aluminum layer 38 
are variable. Si0 2 can have a thickness of 500 A. In multilayer mhTor 34, silicon layers can have a thickness of 
40 A and molybdenum a thickness of 30 A. Advantageously, the method described with reference to FIGURES 
1-3 results in the creation of integrated circuit features of less than one minimum lithographic feature. 

FIGURE 5 illustrates a conventional alternating phase shifting mask 50 including a reticle 
substrate 52 and phase shifting features 54. In conventional systems, trenches are etched into reticle substrate 52 
on one side of features 54. Typically, features 54 are chrome. Trenches 56 in reticle substrate 52 are positioned 
such that the phase is shifted with respect to the phase in reticle substrate 52 by 1 80 degrees. 

Conventional alternating phase shifting mask 50, includes an opaque layer which is patterned 
into phase shifting features 54. In an exemplary embodiment, phase shifting features 54 are chrome (Cr). Many 
layers such as antireflects or other alternatives for the opaque materials could be used. To one side of the Cr 
feature on the mask, trenches 56 are etched so that in that region, a 1 80° phase shift is induced. The light from 
trenches 56 interferes with light of the same intensity but of opposing phase (0 phase) from the other edge of 
phase shifting feature 54. This interference is destructive due to the 180° phase difference so that the size of the 
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feature is reduced. The reason that the signals can interfere is that phase shifting feature 54 is small enough on 
the mask that the light is diffracted and light from trenches 56 and phase shifting feature 54 is scattered so that 
each side has a tail that is interfering with the other side due to the 1 80 degree phase difference. 

The depiction of a trench on one side and none on the other is exemplary schematic. 
Algorithms exist to generate the masks with the trench areas defined in other locations so to give the best phase 
shifting mask (PSM) effect 

FIGURE 6 illustrates a portion 60 of a phase sm'fting mask in accordance with an exemplary 
embodiment. Utilizing photon assisted CVD as described with reference to FIGURES 1-4, additional material 
may be deposited on top of reticle substrate 62 and proximate opaque mask features 64. In an exemplary 
embodiment, opaque mask features 64 are opaque materials, such as, chrome. Additional material deposited in a 
position proximate to opaque mask feature 64 form phase shifting regions 66 which are configured to cause a 
1 80° phase shift with respect to reticle substrate 62. Opaque mask features 64, such as, chrome represent opaque 
features for the mask to define a pattern. 

In accordance with an exemplary embodiment, instead of etching out the trench, oxide 
material, such as Si0 2 , is grown selectively by photon assisted CVD on one side until the necessary thickness is 
achieved to induce a 180° phase shift between phase shifting regions 66 where the material is grown and the 
mask blank region (reticle substrate 62) which is left unchanged. The amount of material necessary is similar to 
the amount etched away in the conventional method described with referene to FIGURE 5 since Si0 2 is being 
deposited and the mask is made out of fused silica which is a form of Si0 2 . However, when depositing materials, 
there will be a difference in optical properties due to the exact density of the deposited material even though the 
layer may be chemically similar to the mask. 

While the embodiments illustrated in the FIGURES and described above are presently 
preferred, it should be understood that these embodiments are offered by way of example only. Other 
embodiments may include, for example, different arrangements or numbers of laser or radiation sources as well 
as different vapor deposition mechanisms. The invention is not limited to a particular embodiment, but extends 
to various modifications, combinations, and permutations that nevertheless fall within the scope and spirit of the 
appended claims. 
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CLAIMS 

WHAT IS CLAIMED IS: 



1 . A method of forming an attenuating extreme ultraviolet (EUV) phase- shifting mask (60), the 
method comprising: 

providing a multi- layer rnirror (34) over an integrated circuit substrate (32) or a mask blank; 
providing a buffer layer (36) over the multi-layer mirror (34); 
providing a dual element material layer (38, 40) over the buffer layer (36); and 
selectively growing features (66) on the integrated circuit substrate (32) or mask blank using a 
photon assisted chemical vapor deposition (CVD) process when depositing the dual element layer (38, 40). 

2. The method of claim 1, further characterized in that a top layer (40) of the dual element layer 
(38, 40) is comprised of nickel (Ni) and a bottom material (38) of the dual element layer (38, 40) is comprised of 
aluminum (At). 

3. The method of claim 1 , further characterized in that the multi-layer mirror (34) comprises 
alternating layers of silicon (Si) and molybdenum (Mo). 

4. A method of photon assisted chemical vapor deposition (CVD) to deposit material in the 
formation of an attenuating phase-shifting mask (60), the method comprising: 

providing a chemical vapor in a vapor chamber (12) containing an integrated circuit substrate 

(32); and 

selectively applying a laser (14) to portions of the integrated circuit substrate (32) to form 
features (66) on the integrated circuit substrate (32). 

5. The method of claim 1 or 4, further characterized in that the features (66) of the dual layer (38, 
40) comprise Ni over Al and have thicknesses resulting in a range of relative reflectivity of 13% to 2%, and 
further characterized in that the features (66) of the dual layer (38, 40) of Ni over A3 have a thickness resulting in 
a 1 80° phase shift relative to reflecting portions not covered by the features. 

6. The method of claim 1 or 4, further characterized in that the features (66) are separated by less 
than one minimum hthographic feature. 

7. The method of claim 1 or A, further characterized in that the features (66) are partially 
reflecting and provide a 1 80° phase shift. 
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8. A system for forming an attenuating extreme ultraviolet (EUV) phase-shifting mask (60), the 
system comprising: 

a vapor chamber (12); 

means for dispensing a chemical vapor in the vapor chamber (12); and 

means for providing radiation to selected portions of an integrated circuit substrate (32) to 

form features (66) from a dual element material layer (38, 40) disposed over a buffer layer (36) disposed over a 

multi-layer rnirror (34) on the integrated circuit substrate (32). 

9. The system of claim 8, further characterized in that the multi-layer mirror (34) comprises 
alternating layers of Silicon (Si) and molybdenum (Mo), wherein silicon layers have a thickness of 40 angstroms 
(A) and molybdenum (Mo) layers have a thickness of 30 angstroms (A). 

10. The system of claim 8, further characterized in that the dual element material layer (38, 40) 
comprises aluminum beneath Ni wherein the Al is deposited by either ordinary physical vapor deposition (PVD) 
or photon assisted PVD and the Ni layer is deposited by photon assisted PVD. 
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